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This presentation focused on the following topics : Increased
battlefield survivorship with tourniquet use, a review of
morbidity due to use of tourniquets, and current surgical
tourniquet recommendations.
A very different war was fought after September 11th,
2001. The US military had to adapt to a different style of
fighting than it had previously seen and extremity war
injury was at the forefront of casualty control. In fact, one
of the first casualties of the war was due to an isolated limb
injury and exsanguination so the natural question posed
was - how do we prevent this from happening?
A rather rapid transition was then made from the longheld belief that tourniquet use was something of a “last
resort” due to its morbidity. Tourniquets became a form of
“first aid” on the battlefield. It is estimated that almost 2000
lives were saved due to an increase in tourniquet use over
the ten years of conflict from 2001-2011 (Anderson et al).
Tien et al reported on tactical combat casualty
interventions including needle decompressions for
pneumothorax and use of tourniquets for exsanguinating
injuries, amongst others. They found in patients with
injuries where tourniquets were indicated, one half of those
patients needing tourniquets had them properly applied,
saving their life. Others where tourniquets were used had
venous tourniquets or tourniquets applied for improper
indications. This led to a push for better education of
soldiers and medics in tourniquet indications and use.
Schreiber et al described the historical fatality rates
from World War II, the Vietnam War and Operation Iraqi
Freedom(OIF). While quite different conflicts, the trend
was toward fewer fatalities with 19.1%, 15.8%. and 9.1%,
respectively. This was attributed to improvements in body
armor, hypotensive resuscitation, tourniquet use as well as
IV and topical hemostatic agents with improved correction
of coagulopathy.
Beekley et al performed a retrospective review of 165
patients during 1 year of OIF. 67 had tourniquets for
severe extremity injury, 98 did not. Injury scores were
approximately the same. They found that 57% of the
deaths were due to hemorrhage, potentially preventable by
tourniquet use.

Kragh et al surveyed the indications for use of emergency
tourniquets. They recorded 728 casualties with 953 limbs
injured with a tourniquet used. The found that 70% were
applied pre-hospital, 11% applied in hospital and that 51%
sustained major bleeding pre-hospital. They concluded that
the current indication should be any compressible limb
wound with the potential for lethal hemorrhage.
In another study, the same group looked at survival rates
with emergency tourniquet use to stop bleeding in major
limb trauma. This prospective survey of 2838 patients found
that 232 had tourniquets on 309 limbs. There were 31 deaths
in the study group. They reported that no amputations were
required from tourniquet use. More importantly there was
an 11% death rate with tourniquet use compared to 24%
death rate without.
Lakstien et al reported in the Journal of Trauma on the
Israel Defense Forces and their 4-year experience with
tourniquet use for hemorrhage control on the battlefield.
This 4-year long retrospective analysis showed that ischemic
time ranged from 1-305 minutes and that 78% of the
tourniquet applications were effective. There were higher
rates of effective use when performed by medical staff when
compared with use by soldiers. There were also higher rates
of effective use in the upper extremity when compared with
the lower extremity.
In the JAAOS supplement put out on extremity war
injury, Mamczak et al wrote on the evolution of orthopedic
care. They found that exsanguination was the most
common cause of death and that buddy aid and the use of
the Combat Application Tourniquet (CAT) (Figure 1) was
crucial in the reduction of fatality from exsanguination.
A historical paper from the Sino-Japanese War from
1938-1941 reported in the Annals of Surgery in 1944 by
Adolph PE outlined the preoperative measures taken that
improved outcomes after surgery for for life threatening
limb injury. He states that the “delimiting tourniquet”
(Figure 2) afforded time for transport, stabilization of
patient systemically before amputation.
King et al looked at 79 patients with prehospital battlefield
tourniquets used in the current war. They assessed the
quality of tourniquet application in forward settings and
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found that 83% of limbs had palpable distal pulses present
at arrival to the hospital. 14/79 had arterial injuries but only
5/14 had effective arterial tourniquets applied. Reportedly,
the medics transporting the patients were surprised by
the force required to create an effective tourniquet as
demonstrated by the researchers.
Kragh et al then examined the effectiveness of different
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Figure 1: The Combat Application Tourniquet (CAT). A tourniquet that
can be self- administered effectively which began to be standard issue.
Image courtesy of Grey Industries.
Figure 2: The single transverse line indicates
the level of the proposed amputation (upper
thigh). The double transverse line indicates
the level of application of the delimiting
tourniquet. The stippled area is that induced
by the placement of the tourniquet. The
black shaded area is the area of original
gangrene and infection. Image courtesy of
Adolph PE.

types of tourniquets. They compared the CAT with the
Emergency & Medical Tourniquet (EMT). The CAT
tourniquet uses a turn down strap style with attached rod
to achieve compression while the EMT employs the more
widely used in hospital pneumatic tourniquet. While the
EMT was more effective at 92% in achieving complete
occlusion when compared to the CAT at 79%, they both
were much better than other styles of tourniquet. The CAT
was easier and faster to apply with one hand and was more
reliable while the EMT was most effective at occlusion and
had a steeper learning curve for effective use.
Kragh, Baer, and Walters also published a case report on
a 16-hour tourniquet application to a forearm on a pilot after
combat wounds were sustained. There were no reperfusion
breaks though the efficacy of the tourniquet was questioned.
The pilot had enough function preserved to return to flying
and one of the theorized reasons was the hypothermic
conditions experienced after tourniquet application.
Holcomb et al reported that the majority of current
war battlefield deaths are non-survivable and due to noncompressible bleeding. They found that current trauma
training can cover almost 50% of potentially preventable
deaths however they recommended improved intravenous
or intracavitary non-compressible hemostatic agents.
Kragh et al also performed a literature review and market
survey of current battlefield junctional hemorrhage control
and found that the pelvic area is the most common cause of
preventable death from bleeding.
Cox et al performed a retrospective cohort review of
QuikClot versus HemCon, two new hemostatic agents used
for the combat setting. By surgeon report they found a 95%
survival directly related to hemostasis. The main indication
was reported as pelvic or truncal hemorrhage and QuikClot
caused some superficial burns from the exothermic
reactions.

Surgical Tourniquet Use
After review of several articles and books on the subject,
the summary of complications with tourniquet use are as
follows:
Nerve Injury

Transient (50 days avg)
Increased with tourniquet times >120min
Muscle Injury

Transient (2days-3wks)
Histological changes
Both worse at site of compression vs. distal
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Clinical Recovery, Pain

Decreased strength, increased pain, swelling, atrophy at
4-12 wks
Resolves with time
Coagulopathy, DVT

Minimal evidence of clinically significant PE, DVT,
fibrinolysis
Metabolic Dysfunction

Transient, minor in humans
Cox et al in the Journal of Hand Surgery in 2011 looked
at forearm versus upper arm and wrist, finger tourniquets.
They recommend padding or stockinette with tourniquet
use as well as occlusive draping to prevent chemical burns
from the sterilizing solution. They state that squeezing
is approximately as effective as using an Esmarch. Also
reported was that Doppler occlusion pressures needed
actually decreased with higher cuff width and arm
circumference.
Pressures 200-230 were adequate based on their
calculations and they also looked at the 120 minute “rule”
from the often quoted Norwegian study. The 15-20 minute
reperfusion downtime was largely due to pH findings in
that study.

Summary
Tourniquets save lives in the field. Use them if your patient
has bright red bleeding.
Tighten the tourniquet until arterial bleeding stops.
If venous bleeding, try a compressive bandage first.
For surgical tourniquet use 200mmHg for the Upper
Extremity and 250mmHg for the Lower Extremity.
Increase the pressure as the limb girth increases.
If surgery is likely to be over 2.5 hours, take a 15-20 minute
reperfusion interval.

Recommendations on Surgical Tourniquet Use
Duration

No hard evidence to support “2 hour rule”
Reperfusion Interval = Good Idea if surgery to go over
2.5 hrs
Tourniquet Design

Confusion on width of cuff, no strong recommendations
Inflation Pressure

Most animal studies were well outside of clinical range
(> 300 mmHg)
Limb Occlusion Pressure recommendations can be
established with Doppler plus a safety margin
200mmHg Upper Extremity, 250mmHg Lower
Extremity usually adequate
Limb girth probably the biggest determining factor on
adequacy of tourniquet
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